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NOVELTY - A solid high polymer electrolyte consists of a 
perfluorosulfonic acid film. 

DETAILED DESCRIPTION - The perfluorosulfonic acid film is formed of 
repeating units of (A) and (B) of formula (I). 

The ratio of the repeating unit (A) to the repeating unit (B), 
(A)/(B), is 1.5-10. 

USE - A proton conductive fuel cell is used in an electric car, 
household thermoelectricity supply. 

ADVANTAGE - The perfluorosulfonic acid film has 3 units of CF2 at 
its side chain. The result produces a proton conductive fuel cell 
having high energy efficiency at lower costs. A cell is easily 
assembled and retains its performance for a long period of time. The 
imide acid structure of the crosslinking high polymer electrolyte has a 
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strength, and decreases internal electrical resistance by decreasing 
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(57) [Abstract] 

[Problem] In addition to fact that production cost is cheap, ene 
rgy efficiency is high,the assembly of cell being easy, long-term 
maintenance is possible perforrrance,the novel proton- 
conducting fuel cell is offered 

[Means of Solution] As solid polymeric electrolyte, it has struct 
ure, side chain - 0(C F2)3 S03 H, perfluoro sulfonic acid 
rrerrbraneisused In addition, crosslinked polymer electrolyte 
which possesses imide acid of next kind ofstructure as electrode 
catalyst coating agent, is used 
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— SOsCFsCFsCO — N— SChCFaCFsCO — 
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-SOsCFiCFjCO-N-COCF.CFjSO,,- 

I 

H 

-SOiCFiCFYSO'.-N-SOiCFiCF.SOi- 

I 

. H 



[QainXs)] 



[Win mwmft+wmmtfs (Dat**ti 



(A) -(CF 2 CF*)- 

(B) -{CFaCF)- 



[Qaim 1] Solid polymeric electrolyte, is perfluoro sulfonic aci 
d membrane which is formed with repeat unit of (A) and 
(B)which is shown in Formula ( 1) proton-conducting fuel cell 

[Chemical Formula 1] 
(1) 



OCCFihSOaH 
*D3EU*tt*0Jfctt(A)/(B) = l. 5-10) 



[aaim2] Electrode catalyst coating agent, stated in Claim 1 
which is a crosslinked polymer electrolyte which is shown with 
General Formula (2) formula proton-conducting fuel cell 
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lit2 ^ [Chemical Forniila 2] 

-(X-N)o- (2) 
I 

Y 

(ClCl-C, Xf4-COCF 2 CF 2 S0 2 - -SO2CF2C FaCO-Sfcli 
"SO2CF2CF2SO2- ; YteH±1tt±2mU±<D&mm* ; ptt2£t±<D 



[«wa>BttftittiH] • 
[0001] 

[0002] 

fit*, ?n h>e»s«me*a>ttffi£ 

[lb 3] 

"(CF 2 CF 2 ) k -(CF2CF)i- (3) 

CFa 



[Description of the Invention] 
[0001] 

[Technological Field of Invention] This invention regards prot 
on-conducting fuel cell which is used for electric car and for 
theone for thermoelectric combined supply for household etc. 

[0002] 

[Prior Art] Lhtil recently, perfluoro sulfonic acid film which is s 
hown with general forrmla (3) as solid polyrreric 
electrolytewhich controls performance of proton-conducting 
fuel cell, was used 

[Chemical Formula 3] 



(OCFaCF),0(CF*)*SO 8 H 



(a) KEITH PRATER, "THE RENAISSANCE OF THE SOLID P0 
LYMER FUEL CELL"Jounal of Power Souces, 29 (1990)23 
9-250 

(b) EUROPIAN PATENT SPECIFICATION 0289869 B1 

[0003] zfa h>eaa«»«a<Dttte*3Eiar6 
Ittictt, (3)a*cs4hi/<-7DP^n/*>M& 



Because among above-mentioned perfluoro sulfonic acid film, t 
hose of q=0 can rmkethe ion exchange capacity larger than 
those of q=l, proton-conducting fuel cell which uses thislowers 
internal electrical resistance, what can make energy efficiency 
high, is disclosed in thebelow-mentioned literature. 

(A) KEI THP RATER,"THE RENAISSANCE OF THE SOLID P 
OLYMER FUEL CELL" Jounal of Power Souces^9( 1990)239- 
250 

(B) EUROPIAN PATENT Spec IF ICAITON 0289869 Bl 

[0003] There is a electrode catalyst coating agent, as element o 
f another which controls performanceof proton-conducting fuel 
cell, but those which disperse portion of high ion exchange 
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a«Et«<-e**tO)i:LT, ftBS¥l 1-79 
6 9(zBB**tiTl^o 



[4b 4-] 



-(Z-N)p- 



(4> 



capacity ofthe perfluoro sulfonic acid polymer which is shown 
with Formula (3), to mixed solvent of ( lower fatty alcohol + 
water) areusually used for this objective . Vis-a-vis this, 
crosslinked polymer electrolyte which contains irride acid group 
which is shown withthe general formula (4), furthermore has 
been disclosed ion exchange capacity in Japan Unexamined 
Patent Publication Hei 1 1 - 7969 as itcan make high, can make 
overvoltage low. 

[Chenical Formula 4] 



" Y 



Ztt-~COCFjSOi-*fctt-SOiCF»CO-- 



(a)±B0)(3)*-C % .-f*>Sft»l«<-C*ft q = 



[0004] But, next kind of deficiency exists in these Prior Art . 



(A) With above-mentioned Formula (3), perfluoro sulfonic acid 
film of q=0 which can makethe ion exchange capacity high 
copolymerizes perfluoro vinyl ether monomer which is shown 
with tetrafluoroethyleneand Formula (5), filmforrmtion after 
doing, hydrolysis does and is produced 



[flS5] C F 2 =C FO(C F 2 ) 2 S0 2 F 



(5) 



[Chemical Formula 5] C F2 =CFO(C F2)2 SQ2 F (5) 



[00 0 5] U.S.P.4.358 f 412T»BB**tiri^J:3f-* 



[0005] As disclosed with US Patent 4,358,412, monomer of ab 
ove-rrentioned Formula (5) isproduced making use of chloro 
pentafluoro propylene oxide whose cost is high, by 
thefollowing reactioa 
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[It 6] 

CF*C1 
I 

FSOaCFsCOF + CF — CF2 



L o 



[Chemical Formula 6] 

CF2CI 
I 

F SCMCFahOCFCOF 



CF2CI 

FS0 2 (CF 2 ) 2 OCFCOF 



FSOj(CF»)jOCF = CFj 



[00 0 6] ZO&l&lZjSliT, 

pp^ptfL/>mi' K*«fflr*i. u.s. 

P. 3, 560, 568. U. S. P. 4, 329. 435^lzfB© £ *IT J: ? 

ic, /<-7QPt"2jn-fMl«;iiSbtif » f- 



[0006] At time of this reacting, when hexafluoropropylene oxi 
de whose cost is cheapis used, as stated in for example US 
Patent 3,560,568, US Patent 4,329,435 etc, perfluoro vinyl 
ether monomer is not acquired, withthe vinyl conversion step 
as description below cyclic sulfone forms. 



[ft 7] 



CF: 



[Chemical Formula 7] 
CF, 



FS02CF 2 COF + CF-CF 2 



Li 



CF: 



FS0 3 (CF 3 ) 2 OCFCOF 



FS0 2 (CF 2 ) 2 OCFCOF 



CF: 



r (CF 2 ) 2 OCF 



[000 7] (b)U. S. P. 3, 560, 568 ClIBtt* tlT l>5cfc 



Therefore, perfluoro sulfonic acid film of q=0 rmst use chloro 
penta fluoro propylene oxide whose cost ishigji with 
production step with above-mentioned Formula (3), also 
production cost ofthe proton-conducting fuel cell which uses 
this filmrises. 

[0007] (B) As stated in US Patent 3,560,568 , as for cyclization 

P.6 
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olz % ±aLfcBHbSJEBI**ft»0)SJ6S»(D^-eft< 
. ftttl=J:yTIBfl[)J:3ft««-C*«*l»i=tfti:T, 



[ft 8] 

-CF 2 CF 8 ' + CF2=CF 



I 

0(CF2) 2 S0 2 F 



i 



-CF 2 CF 2 CF Z -CF • 
I 

0(CF 2 ) 2 S02F 

i 

-CF 2 CF 2 CF2-CF-S0 2 



O (CF 2 )2 J 



+ F 



reaction which description aboveis done as description below 
with mechanism occurring even whencopolyrnerizing not to be 
only a production step of monomer, due to condition ,there are 
times when it causes chain transfer. As a result, molecular 
weight of copolymer which is acquired not tobe a satisfactory, 
mechanical strength of peril uoro sulfonic acid film decreasing, 
it becomes difficult tomaintain assembly and performance of 
cell of proton-conducting fuel cell whichuses this in long period 
Because such phenomenon is easy to happen extent whose ratio 
of theperfluoro vinyl ether monomer for tetrafluoroethylene is 
many, while keeping mechanical strength, making use ofthe 
monomer of Formula (5), there is a limit in making ion 
exchange capacity high. 

[Chemical Formula 8] 



[0008] (c)±!5(4)Sr^$ti*^^«^ : fm® 
ft\* % -f*>3c»S*S(3)a<D/<-7PPX;u*>K 

1 -7 9 6 9 KKKStiT 1***31=, U'S-7oox 

iU*>MltHi:iSftl?*4FS02CF2 COF£§Jj£ 

a)»*»«***<-e*ftLxfci^*j5A<ft*. 



[0008] (Q Crosslinked polymer electrolyte which is shown with 
above-mentioned Formula (4) can make the ion exchange 
capacity larger than perfluoro sulfonic acid film of Formula (3) 
much. But, as stated in Japan Unexamined Patent Publication 
Hei 11- 7969, because as said perfluoro sulfonic acid filmF 
S02 C F2 COF which isthe same starting material is used for 
production, as description below structureof inide acid group 
only 1 unit includes C F2 of electron withdrawing, acidityof N - 
His not strong excessively. Because of that, improvement 
effect of electrical conductivity for conventional method there 
is a deficiencythat cannot be made large. 
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-SOz-CF.-CO-N-SOs-CFs-CO- 
I 

H 



[Chemical Formula 9] 



SO z -CF 2 -CO-N-CO-CF2-S0 2 - 
I 

H 



[0009] 

$ satt-rsr t s i tot r*. 



[0 0 1 0] 

iitLt^ (1)AC:#£tl«(A)&J:lJt(B)<MiyS 

So 



[ft i o] 



(A) — (CF jCFj)- 

(B) -(CFiCF)- 



(1) 



[0009] 

[Problems to be Solved by the Invention] It designates that as f 
or this invention, in addition to fact that the production cost is 
cheap, energy efficiency is high, assembly of cell beingeasy, 
can maintain performance over long period offers proton- 
conducting fuel cell as theobjective. 

[0010] 

[Means to Solve the Problems] In order to achieve above-menti 
oned objective, proton-conducting fuel cell of this 
inventionhas used perfluoro sulfonic acid msmbrane which is 
formed with repeat unit of (A) and(B)whichisshownin 
Formula (1) as solid polymeric electrolyte. 

[Chemical Formula 10] 



OfCFO.SOiH 



5-10) 



[0 01 1] *«M0)?Q h >&*SJKMVilh«> 



[00 1 1] In addition, it is desirable to be a crosslinked polymer ele 
ctrolyte which is shown with General Formula (2)formula as 
electrode catalyst coating agent of proton-conducting fuel cell 
of this invention 
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[1b i 1] 



-(X-Nh- 



[Chemical Formal a 1 1] 
(2) 



Xli-COCF 2 CF 3 S02-, -SOaCF«CFiCO-£&tt 
-S9 2 CF 2 C.F 2 S0 2 - YliHS/cli2MJ:0Mfif, p ti2«±W 



[0 0 12] 

(B)0)l|y»L#tt-C«***ifc/<-7DPX;u*>|| 



2] 

(A) -(CF 2 CF 2 )- 

(B) — (CF2C F) — 



(1) 



In addition to fact that as for proton-conducting fuel cell of this 
invention, production costis cheap, energy efficiency is high 
assembly of cell being easy, the performance can be maintained 
lengthy. In addition, it is possible electrode catalyst covering 
commodity to lower overvoltagebecause those where nurnber 
of units of C F2 is marry are used and, tomake internal 
resistance low. 

[0012] 

[Brtodirrent of Invention] As for proton-conducting fuel cell 
of this invention, solid polymeric electrolyte, is perfluoro 
sulfonic acid membrane which is formedwith repeat unit of (A) 
and (B) which is shown with Forrrula (1). 

[Chemical Formula 12] 



0(CF 2 ) 3 S0 8 H 



zzx\ nysL*to»4>tt(A)/(B)«\ 

[ft1] ^t>S»§t(me q/gftfiMSil) = 1.000/ 
(100 (A)/(B) +328) 

[0013] *fc, :<d*pJ0^p h>&*£J8tt«» 



Here, as for ratio (A) /(B) of number of repeat units, there is ge 
nerally arange of 1 .5 to 1 0, preferably 2 to 7, furthermore 
there is a range of thepreferably 2.5 to 6. ion exchange 
capacity is displayed with next formula 

[Mathematical Formula 1] Ion exchange capacity (meq/g dry re 
sin)=l,000/(100 (A)/(B) +328) 

[0013] In addition, reading proton-conducting fuel cell of this 
invention, it is desirablefor crosslinked polymer electrolyte 
which is shown with General Formula (2) as electrode catalyst 
coating agent to use. 
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3] 



-(X-N)p- 



[Chenical Foimila 13] 
(2) 



(ZZX\ XIJ-COCF 2 CF 2 S0 2 -, -SOzCF2CF a CO-*^:f4 



[0 0 14] U. S. P. 4, 329, 435 [ZfBiE $ ftT 1*3 & r> iz 

77PPlf U>i (6) jtT*^£ ft P tfxjU 

X-tJH£H*£*1£U 1 0-300/im(^gJI: 
JfcHLfcSL *n;K.»«L"CSit*ftSo ^S^I^ISLT 

, /\'-7PP7;i^t-;n-f^lH ; Ey7- 



[1b14] C F 2 =C FO (C F 2 ) 3 S 0 2 F 



(6) 



[0 0 15] U.S. P. 4, 329, 435 fd^ftli, (6)jCT*^5 
ftS±IE^/^-7PPe-^x-T-;umM^li, 
?£&/Sf::c^g££ft3o 



[0014] As stated in US Patent 4,329,435 , perfluoro sulfonic aci 
d film which is used with this inventioncopolymerizes perfluoro 
vinyl ether monomer which is shown with tetrafluoroethylene 
and Formjla(6),thefilmfonration after doing, hydrolysis does 
in thickness of 10 to 300 mandisproduced At time of 
copolymerization, it is possible also to add 
chlorotrifluoroethylene , hexafluoropropylene , perfluoroalkyi 
vinyl ether or other third monomer. 

[Chemical Formula 14] C F2 =CFO(C F2)3 SQ2 F (6) 

Because as for above-mentioned perfluoro vinyl ether monomer, 
CF2 1 unit is rmnyin comparison with monomer which is 
shown with Formula (5), cyclization reactionat time of 
copolymerization which description above isdone not to 
happen, while mechanical strength is maintained be able to 
actualizethe high ion exchange capacity, you can measure 
improvement of energy efficiency of the proton-conducting 
fuel cell. In addition because mechanical strength of film is large, 
assembly ofthe cell being easy, maintenance of performance 
which crosses long periodis possible. 

[0015] According to US Patent 4,329,435 , above-mentioned p 
erfluoro vinyl ether monomer which is shown withthe Formula 
(6) is produced by next kind of reaction. 
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CFa 



[Chemical Formula 15] 
CF 3 



F SO2CF2CF2COF + CF — CFa -> FS0 2 (CF 2 ) 3 OCFCOF 



CF; 



F S O2 (C F 2) 3 OCFCOF 



FS0 2 (CF 2 ) J OCF = CF 2 



)a-c*S*i6*a:it*U, cf 2 ^HSJtW, =1 



[00 1 6] **W(zfclvc % (l)ST*^$tiSSM^ 

E*/h4<"C**«>T«»*Ll*. tt£ttft#?BffiRI* 
0 2 CF 2 CF 2 COFXIiC I S0 2 C F 2 C F 2 S0 2 C I 

^b, ft§B¥l 1 -7 9 6 9fzEft£fcTltft0>4:Htt 
ft*ttlzj:y, *0)«k3(3LT»5S*tLS. HJ^^CD^ 



In case of above-mentioned perfluoro vinyl ether monomer, be 
cause C F2 1 unit ismore than monomer which is shown with 
Forrrula (5), making use of thehexafluoropropylene oxide 
whose cost is cheap, cyclization reaction with vinyl 
conversionstep does not occur. Therefore, as solid polymeric 
electrolyte, it uses perfluoro sulfonic acid film which is shown 
with the Formula (1), production cost can make also proton- 
conducting fuel cell which, low. 

[0016] Regarding to this invention, among copolymer which ar 
e shown with the Formula (1), ion exchange capacity being too 
high, to disperse portion which moldingit is not possible in film 
to ( lower fatty alcohol + water), it is possible to use asthe 
electrode catalyst coating agent. But, crosslinked polymer 
electrolyte which is shown in Formula (2), be able to actualize 
themuchhigh ion exchange capacity, because electrical 
conductivity is raised and overvoltagp can be madestrall, it is 
desirable, said crosslinked polyrrer electrolyte, that as above- 
mentioned perfluoro sulfonic acid membrane firomF S02 C F2 
CF2COF ortheaSQ2CF2CF2SQ2awhichissame 
starting material, it is stated in Japan Unexamined Patent 
Publication Hei 11- 7969, is producedwith same method , 
following way. Substitution to polyvalent metal of Hatomis 2 
to 30%. 
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Mb 1 6 ] [Chemical Fomula 1 6] 

FSOiCFaCFzCOF 4- L i N (S i M e j) 2 — -<X-N), 
C 1 SOiCF^CFjSOsC 1 I 

L i 



-(X-N)p-. -> -(X-N).- 

I I 
L i H 



-(X-N),- 
I 

Y 



(cr-CX, Yfc*tfptttfffB*WH:) 

[0 0 17] ±IB<Dg«Sl#**SKl4, (4)A0>S« 
©««*<«*Wltt«)CF2t2J|ltt*t?fc», N-HflD 



-(X-N),- 



[0017] As for above-mentioned crosslinked polymer electrolyte, 
when it compares with crosslinked polymer electrolyte ofthe 
Formula (4), as description below because construction of iiride 
acid group the2 unit it includes C F2 of electron withdrawing, 
acid strength of N - H to bestrong effect which enlarges 
electrical conductivity is considerable. 



Ht 1 7 1 [Chemical Formula 17] 

-S0 2 CF 2 CF 2 CO-N-SO z CF 2 CF 2 CO- 



H 



-S0 2 CF 2 CF 2 CO-N-COCF 2 CF 2 SO : 



H 



-S0 2 CF 2 CF 2 S0 2 -N-S0 2 CF 2 CF 2 S0 2 - 



H 



[0018] Kwwtu h >Bmmv&mmmx'®mT 



[001 8] You use with proton-conducting fuel cell of this inventi 
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fcft F S 0 2 C F 2 C F 2 C O Fli, "FISO^f^A^O^ji 

ft ft. 



U. S. P. 4. 329. 435 |C|2S<7)^;4 
[fc1 8] 

C 2 H 5 S N a + CF 2 CF 2 +(CH 3 0) 2 CO 
J 

C 2 H 5 S C F2C F2CO2C H3 

1 C I 2 



on, FSQ2CF2CF2 COF which is a common starting 
iraterialof solid polymeric electrolyte and electrode catalyst 
coating agent is produced with method of thebelow-mentioned 
any. 

It stated in US Patent 4,329,435 method 
[Chemical Formula 18] 

C2 H5SNa + C F2 C F2 + (CH3 0)2CO 



C2H5SCF2CF2CQ2CH3 
Cl2 



/H 9 o 



H 



5/POCI3 



C I SCF 2 CF 2 C0 2 CH3 

1 C I 2 

C I S 0 2 C F 2 C F 2 C0 2 CH 3 

1 N a O 

N a S 0 3 C F 2 C F 2 C0 2 N a 

1 PCI 

C I S 0 2 C F 2 C F 2 COC I 

1 N a F 



/su I f 



o r a n e 



FS 0 2 C F 2 C F 2 CO F 



[0 0 1 9] 
9] 

S0 2 6 2 + C F 2 C F 2 + MCN 
1 

QS 0 2 C F 2 C F 2 C N 



1 



0 4 or H3PO4 



H 2 S 



QS0 2 C F 2 C F 2 C0 2 H 

1 SF, 



CISCF2CF2CO2CH3 

Cl2 /H20 

aSQ2CF2CF2CQ2CH3 
NaOH 

NaSQ3CF2CF2CQ2Na 

PC15/POQ3 

ClSQ2CF2CF2COa 

NaF/sulforane 

FSQ2CF2CF2COF 

[0019] 

[Chemical Formula 19] 

SO2Q2 + CF2CF2 + MCN 

QSQ2CF2CF2CN 

H2S04 orffiPOl 

QSO2CF2CF2CQ2H 
SF4/MF 
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JP 00268834A Machine Translation 
/MF 



F S 0 2 C F 2 C F 2 CO F 

[0 0 2 0] 
[ft2 0] 

AS0 2 M+CF 2 CF 2 + D 2 CO 
I 

A S 0 2 C F 2 C F 2 COD 

H S 0 3 C F 2 C F 2 C 0 2 H 

1 S F 4 

FS0 2 C F 2 C F 2 COF 
(CdfAliOM, R, NR 2 *fcl4NH 2 . RttCI ~ 

7PPXUv>8|tt, U. S. P. 4, 329, 434 izKttitlX 
1*4* f h77PDifu>i: (7) ST*^$n 

[<b2 1] 

C F 2 =C FO(C F 2 ) 3 S0 2 R (7) 

[0021] 



<##0|1 >U.S.P.4,329,435 (DSJgffl 1 (=«tl\ FS 
0 2 CF 2 CF 2 COF££j$Ltc<> CflDfcS**. U. S. P 



FSQ2 CF2 CF2 CDF 
(Here as for Q as for halogen ,M alkali metal ion ) 

[0020] 

[Chemical Formula 20] 

ASO2M + CF2CF2 +D2CO 



ASO2CF2CF2COD 

After alkali hydrolysis, acid additio 

n 

HSQ3CF2CF2CQ2H 
SF4 

FSQ2CF2CF2COF 

(Here as for A as for OM ,R,N R2 or NH2 ,R alkyl group of CI 
to C5 or 

As for allyl group ,M same as description above, as for D haloge 
norOR) 

Finthermore, also it is possible with this invention, perfluoro su 
lfonic acid film which youuse as solid polymeric electrolyte, as 
stated in US Patent 4,329,434 , to copolymerize fluonnation 
vinyl etherwhich is shown with tetrafluoroethylene and 
Formula (7), film formation after doingthe hydrolysis to do 
and to produce. 

[Chemical Formula 21] 

CF2=CFO(CF2)3S02R (7) 

(Here, as for R description above same) 

[0021] 

[Working Example(s)] Reference Example and Working Exam 
pie are shown next, this invention is explairedfurthenrore in 
detail, but range of this invention is not something whichis 
limited in these. 

<Reference Example 1> In accordance with Working Example 
1 of US Patent 4,329,435 , F S02 C F2 C F2 COF was 
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JP 00268834A Machine Translation 

.4.329,435 2 |zffil\ ^7PD^Ot'b> 

Kfc£«*ttT, FS0 2 (C F 2 ) 3 OC F(C F 
3 )COFf||fc 0 EC:, U. S. P. 4. 329, 435 4>Sttffl 3 [Z 

7PPtf->Ul-T^»l(* : FS0 2 (CF 2 ) 3 OC F = 
C F 2 £»fc. 



[0 0 2 2] <#%fl2>#%«1t?^Lf;FS0 2 ( 
CF 2 )" 3 OCF = CF 2 U. S. P. 4, 329, 435 tf)S£J£#] 
4tH«5»4i:j:iJ % U ttSHtLTaSfiS 

HE. *ft*4:Lr/<-7PP*^#>||T>«=«>At 
ffll^ f h57DDif b>OE*5jSE, l£;flK4 
0° C^ftTt\ f >77POift/>^:*ISJt 
fc, »6*lfc*«^(*S . 1*100(1 mQHttftfzft 

1. 2(moq/g"«aHBB)a)/^-7PPXJU*>IUI 
*»fc„ 



synthesized This compound, in accordance with Working 
Exarrple 2 of US Patent 4,329,435 , reacting withthe 
hexafluoropropylene oxide, it acquired F SQ2 (C 
F2)30CF(CF3)CX)R Furthermore, following to Working 
Exarrple 3 of US Patent 4,329,435 , thermal decorrposition it 
did the said compound on sodium carbonate, acquired perfluoro 
vinyl ether monomer :F SQ2 (C F2)30CF=C F2. 

[0022] <Reference Exarrple 2> It designated water as solvent F 
SQ2(CF2)30CF=CF2 which is synthesizedwith Reference 
Exarrple 1 , with Working Example 4 and same rrethod of US 
Patent 4,329,435 , as the catalyst under condition of pressure 5 
atmosphere , polymerization temperature 40 °C of 
tetrafluoroethylene, it copolymerized withthe 
tetrafluoroethyiene making use of perfluoro octanoic acid 
arrrroniumas redox catalyst , emilsifier of ammonium 
persulfate - sodiumhydrogen sulfite, in film of thickness 
1 00 m formulation after doing, hydrolysisdoing copolymer 
which is acquired, with alkali, ion exchange capacity 
acquiredthe perfluoro sulfonic acid film of 1.2(rreq/g dry resin). 



[0 0 2 3] <##«3>##fi!l1 tMtbftfc FSO 
2 CF 2 CF 2 COF£, 1 - 7 9 6 9<D§g«fi«1 

cos^ttfSHSttu-cHSfzjts. 



[0 0 2 4] <9e««i1>4 0fifi%a)a«M«ti^A 

(0lMJt/j<2 : 1 i£4J:?|zjSaoU X)-\zft%L£i± 
hSHKLfco :^-AhS200/r>a 

-h±lzg*Lfc&. 10 0° CT*£JSLT«!i8v- h 

a)H(Z##«2-eff btLfc/<- 4 7PPX;U*>itlHSl& 
H SfZ LT li 150° C, EA50kg/c 

57PPif"b>0)»«ta[(z;l«Lfc*, 3 4 0° Ct 

«»(z**#x % ■ItffllzSff* 
ffli^r, fits. *;uaS7 0* CT?iH-bJH#ttR«l*fj 

ofciC5, 1. 0 A/cm2 <0B3S*KlZiSl*T, 



[0023] <Reference Exarrple 3> It designated tetrahydrofuran a 
s solvent FSQ2CF2CF2QDF which is acquired withthe 
Reference Example 1 , with Working Exarrple 1 and sarre 
method of Japan Unexamined Patent Publication Hei 11- 
7969, reacted with the lithiumbis (trimethylsilyl) amide and . 
acquired polymeric electrolyte. It changed this polymeric 
electrolyte into H form with sulfuric acid, furthermorereacted 
with magnesium acetate, it acquired crosslinked polymer 
electrolyte where hydrogen atomofapproximately 10 % of 
irride acid group is substituted to magnesium atom 

[0024] <Working Exarrple 1> In platinum catalyst-bearing carb 
on of 40 weight %, 5 weight % ethanol solution of crosslinked 
polymer electrolyte which is acquiredwith Reference Example 3, 
in order for weight ratio of platinum catalyst and crosslinked 
polymer electrolyte tobecome 2: 1, it added, dispersed to 
uniform and manufacturedthe paste. After applying this paste 
on sheet of poly tetrafluoroethylene making use of thescreen 
of 200 mesh, drying with 1 00 °C, it acquired catalyst sheet. It 
faced and adjusted catalyst layer of 2 catalyst sheet, hot press 
after doingpeeling poly tetrafluoroethylene sheet of both 
surfaces with scissors and 150 °C , pressure 50 kgfcrre withthe 
hydrochloric acid with perfluoro sulfonic acid film which at that 
, time is acquired with Reference Exarrple 2asHform,it 
produced film electrode joint. On one hand, after soaking 
carbon cloth of thickness 400 micron, in dispersion of the poly 
tetrafluoroethylene, sintering was done with 340 °C, catalyst 
layer support was produced When it laminated these film 
electrode joint and catalyst layer support, installed in fuel cell 
unit cell test apparatus^ fuel in hydrogen gas and oxidant it 
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[002 5] <38lfi«2>*a^ftftSH»LT, 
□ tf )IT )i □ - 4- 7J0 O ;g£i§ J& ic tflft L fc o C ft £ 38 

x % Bi:*tt-e*-b;HMBftff-3fci:c%, 1. o a 



[0 0 2 6] <Jttt« 1 >§!JSS0ij1 {ZfcHT, /<-7P 
PA^*>»BtLt, <Y *>5c&#Mrt<0. 9 1 (mo 
q/gttHMBB)^ B*A<1 7 5 /imO^^-f^-VBK 
DuPonttt»tm\ *«*»*B»Jl0«^y(= 

fjofctd^, 1. 0 A/cm2 a)B3SE8?S(wtel^r 
[0 0 2 7] 

■©CF2«)*ttW<3t^5ttS<D»St4/^7Pn 

Jinx htf£<x*;u*-&¥jb<jS^± % -fejut&ffi^A 
T*«S«-C, *0141fe£;E»IHIIH*"C£*. *fc, «« 

0D«ttf2*ttfl>CF 2 **r*fcJ&, -f5KB0>a»K 



did unit cell test of characteristics with the arrbient pressure , 
cell temperature 70 °C making use of air, cell output voltage 
was 0.71V in degreeof current honey of 1.0 A/cm2 . 

[0025] <Working Example 2> Adjusting copolymerization con 
dition, you obtained copolymer where ion exchange capacity is 
high incomparison with Reference Example 2 dispersed to 
nixed solvent of ( isopropyi alcohol + water). This using in 
place of ethanol solution of crosslinked polymer electrolyte, it 
operated in same way as Working Example 1 , produced 
catalyst sheet. Making use of this catalyst sheet, when it 
assembled test cell in same wayas Working Example 1, 
appraised unit cell with same condition, cell output voltage was 
the0.65V in current density of 1.0 A/cm2 . 

[0026] <Comparative Example 1> In Working Example 1, as 
perfluoro sulfonic acid film, ion exchange capacity being 0. 
91(rreq/g dry resin), thiclmessmakir^useofNafionfilm 
(DuPont supplied) of 1 75 m, in place of crosslinked polymer 
electrolyte, whensinilar unit cell appraisal was done making use 
of solution whichdisperses Nafion polymer to ( isopropyi 
alcohol + water) mixed solvent, cell output voltage was 0.45 V 
in thecurrent density of 1.0 A/cm2 . 

[0027] 

[Effects of the Invention] Proton-conducting fuel cell of this in 
vention in order perfluoro sulfonic acid film which takes 
specificvalue, number of units of C F2 of side chain 3 to use, as 
solid polymeric electrolytethe production cost to be cheap in 
addition to fact that energy efficiency is high,the assembly of 
cell being easy, long-term maintenance can do performance. In 
addition, as for crosslinked polymer electrolyte which it uses as 
electrode catalyst coating agent, because thestructure of inide 
acid has C F2 of 2 unit, acid strength of inide acidis strong, 
overvoltage is lowered and effect which makes internal 
electrical resistancelow is large. 
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4. 



SOsCFjCFaCO-N-SOaCFaCFaCO- 
I 

H 



-SOaCFiCFiCO-N-COCF»CFiSOi- 
I 

H 



-SOaCFaCFaSOa 



— N — 

I 

H 



SOaCFaCFaSOa- 
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[ mmtiwrn ] uxn* ym&x-h § r a h y\mmmnw. 

&(A)&±Vmvmr&LmZX'ffitftZtit:^-7v 

(A) -(CF 2 CF 2 )- (1) 

(B) -(CFzCF)- 

I 

0(CF 2 ) 3 S0 3 H 
"(ii-e, «igLmftgfc<DJfcte(A)/(B)=l. 5-10) 

- ' -(X-N)„- (2) 

I 

Y 

XI*-COCFiCF 2 S0 2 -, -S0 2 CF 2 CF 2 CO-&fctt 
-S0 2 CF 2 CF 2 S0 2 -; Y&H±tzt±2mU±<D&mdjl* ; pf*2£U;<D 

mm) 

[mnmsizmty] [0002] 
mm<7>f&mmMmz&mixiyv hy&%mm iih^-7aaxi^ymmm\^tix^tz. 

-(CF 2 CF 2 )*-(CFsCF)i- (3) 

CFi 
I 

(OCF^CF^CXCF^.SOaH 



±iec7)n , -7nax;^yitJlc0rt. q = OOiOJiq 
= i^icoiD^^>-^J^*^^<t'#l.wT\ d 

(a) KEITH PRATER, "THE RENAISSANCE OF THE SOLID POL 
YMER FUEL CELL"Jounal of Power Souces,29(1990)239- 
250 

(b) EUROPIAN PATENT SPECIFICATION 0289869 Bl 

[ o o o 3 ] ?X3 v yimmmmmmteMitz 



BWfctt. O^X'^til^-yaaxtU^ymS.^ . 

w<7ym4*ym®&<mft*. mmmmmriv^- 
^Ltz^m^mmmK mzj xytammznh 

< ?* . ®W±Z i&< h i><Db LT. #HB¥ 1 1 - 
[ft4] 
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-(Z-N)p- (4) 
I 

Y 

(ZZV, ZI4-COCF.SO.-*fcl4-SOaCFaCO- 



[0004] U?l&#£>, ztit,(r)%mmizii<x<?) 

(a)iJEW(3)*"C..-f5rvS«»«*<-C*4 q 

y b ( 5 )5^T"^$ JlSX- 7DDt'-/l/X-fWl* 

CF2CI 
I 

FSO z CF 2 COF + CF-CF a 



Hfc5] CF 2 = CFO(CF 2 ) 2 S0 2 F (5) 
[0005 J \).S.?A,35&Al2X'fflm$tlX^t £ 0 

[€6 ] 

CF*C1 
I 

FS0 2 (CF 2 ) 2 OCFCOF 



L 



CF2CI 



FS0 2 (CF 2 ) 2 OCFCOF 

[00 06] .TOKJSfcfcVvC. 3Xh<^V^dft7 
nnrBtl/mffK^ffiffltifc, Wifcf* U.S. 
P. 3, 560, 568 . U. S. P. 4 , 329, 4353*1138 § ftT V >|> i p 

CFs 



FS0 2 (CF 2 ) J OCF = CFa 

/WUMTCTEWJ: 3 fc®fcX)V*ytf£j$LLXLt 

CF, 



F S0 2 CF*COF + CF-CF 2 



L 



FS0 2 (CF 2 ) 2 OCFCOF 



CFs 

I 

FSOa(CF 2 ) 2 OCFCOF 



CFi 



r (CF 2 ) 2 OCF 



SOs 



ffi-^T, ±15(3) ST q = 0^<-7DOXM!>« 



! (4) 000-268834 (P2 0 0 0-2 6JL8 



[00 07] (b)U.S.P.3,560,568 fcKOSiVO** l 

x: mmmmztztmh, #*>*u 



ifc*«K:'ar4. £3Lfc3MMi, fh57Qnif 
Ufc8] 



~CFaCF* • + CF 8 = CF 



I 



0(CF 2 ) 2 SOaF 



-CFsCFiCFi-CF • 



0(CFi)«SO.F 



~CFaC FjCFj — CF— SO* -i 
I 

O (CF*) a 



+ F 



[00 08] (c)JJE(4)ST*S*l6a?«a^F«)B 

1-7969 tie^StlTV^ J; -5 i^-7DD^ 
^VlHRtlSItHiRTASFSOjCF, COF» 

-SOi-CFj-CO-N 



HL9J 

SO.-CF s -CO- 



SO 8 -CF2-CO-N-C0-CF2-SO»- 
I 

H 



[0009] 
[00 10] 



l£&Xl8&ZtUzrt-7nnzj\,*yWmm^X^ 

*. 

t-fki o] 



i(5) 000-268834 (P2 0 0 0-2 6JL8 



(A) -(CFjCFO- (1) 
(B> -(CFjCF)- 
I 

0(CFa),SO»H 
HOSLJW!fl«©Jttt(A)/(B)-l. 5-10) 

[ooii] ±tz. xmiwrahymmmimmme) $HPiwwtT*4 z t tw& 
mmmmmmtix. -®$(2)j£?K2tiimffin [tin 

-(X-N)»- (2) 
I 

• Y 
("-"^> Xii-COCFiCFiSOi-, -S0 2 CF ! CF»CO-$fc(i 
-S0 2 CF2CFzS0 2 -, YttHt.tcl$2mU±<D&mm-*, p I42K±0 



&£*i$P B 1SfftT'#l>. *fc, IWtiMCFj 

l*lM)i;£«<-f £ C i:*H^T'^l) . 
[00 12] 

(A) -(CFjCF,)- 

(B) -(CFsCF)- 



<i. m»m^mfimtiK (i):*-e^£fu.(A)i>j;tf 

( B ) COM *) '& l HM&TffitfL Zti&i-7nnx)l+sy® 
MX**. 
Iftl2] 

(1) 



0(CFa) 9 S0 8 H 



t*95EL#fflRtf>Jt(A)/(B)U:, -jRfcl. 
5-1 0tf>«Hfc*>9. *?*L<(i2~7. JEtff*L 
<«42. 5-6»«Htft6. 4*yXJ8&»i<fc*T' 

-(X-N)p- 



(100 (A) /(B) +328) 

[0013]**:, £ OffcHjjor n hy&*f!flj$ffifi 
HL13] 

(2) 



(C^T\ Xil-COCF2CF»SO»-, -SO J CF2CF 3 CO-*^li 
-S0 8 CF*CF 2 SO*-; YttH*fctt2ffi&±<D&JljK*: pl*2#±o 



[00 14] U.S.P.4,329,435 CK«Sft"0**J: 3 
h 7 7 d oxf U > t ( 6 ) it § tl I a- 7 d o t'- 



T, ?DDflj7DOIfl/y, /\df+t7 0D7'Df V 



y, A--7nnT;l/^r;Pt'^x-r;^o^E ; &7v 

-taairt*c:i:ttij*6. 

[•ftl 4 ] CF 2 = CFO(CF 2 ) 3 S0 2 F (6) 
HZ<r» n' - 7 d n h*x;i^x - r )V%&Mt . ( 5 ) jST'^ 
$ft6mfifri9tCF2#niiM2#U0T\ JtiBU: 



1(6) 000-268834 ( P 2 0 0 0 - 2 6JL8 



mmm^&t^ wx\ *jicom*$.xtf®%x\ ji 

CF, 

I 

FSO!CF s CF2COF + CF-CF. 

I 

O 



[00 15] U.S. P. 4, 329, 435 IzXtltf^ (6)^T*$ 
HC15] 

CF, 
I 

-» FSO a (CF 2 ), OCFCOF 



CFs 
I 

F S02<CFs)i OCFCOF 

±f etfv n*- y a d h -;px- r'l'Jp.jMfcaflte fcti , 
(5)^T'*$^l>*«ftcJ:'3. CF 2 tfUMflJrW 

X . (l)3CT*S*i4^-7oo^;l/*yitBIS:. lift 

lBft3*h:WS<?*4. 
[0016] *JMH(CiSV^T . ( 1 

FSOjCFjCFiCOF +Li 
C 1 SO ! CF2CF 2 SO J C 1 

B* 

-(X-N)p- -(X-N)p- 

I I 
L i H 



[0017] iJE^EtiffjmBMttt. (4 )£*>£|| 



— FSO J (CF i ) 3 OCF = CF 1 

tixm^izt iMmX'h h . 
ii. Jhlw<- 7PD^i/*y»i: ft tMMX'hh F 

S0 2 CF 2 CF 2 COFXteC 1 S0 2 CF 2 CF 2 S0 2 
C flfflppi l-79 6 9CIEtt$<tT^40fc 

0#«^JS^0E^« 2~3 0%-CJ>£>. 
Hfcl6] 

N(SiMei) s - -(X-N)p- 

I 

L i 

- -(X-N)p- 
I 

Y 
I 

-(X-N)p- 



[€17] 
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-SOjCF 2 CF 2 CO-N-S0 2 CF 2 CF 2 CO 



H 



-S0 2 CF 2 CF 2 CO-N-COCF 2 CF 2 S0 2 - 



H 



'-SOaCF2CF*SOa-N-SOsCFaCF2SOa- 

I 

H 

[0018] -^wm-ru h ymmmwtcmm-t m-ewtztn, . 
mw-Wi^mmntmm^mwmm^m^mn' cDu.s.p.4,329,435 izmm^um 

J,|,FS0 2 CF 2 CF 2 COF{J, Tt£.WTtvtf*>1j HL18] 

C 2 H5SNa + CF 2 CF 2 + (CH 3 0) 2 CO 
I 

C 2 H 5 SCF 2 CF 2 C0 2 CH 3 

I CI, 
C l SCF 2 CF 2 C0 2 CH 3 

I C l 2 /H 2 O 

C 1 S0 2 CF 2 CF 2 C0 2 CH 3 

I NaOH 
NaS0 3 CF 2 CF 2 C0 2 Na 

4 PC 1 5 /POCI3 

C 1 S0 2 CF 2 CF 2 COC 1 

I NaF/s u 1 f o r a n e 

FS0 2 CF 2 CF 2 COF 
[00 19] C-fbl 9 ] 

<2> S0 2 Q 2 + CF 2 CF 2 + MCN 

i 

QS0 2 CF 2 CF 2 CN 

i H 2 S0 4 or H 3 P0 4 

QS0 2 CF 2 CF 2 C0 2 H 

I SF 4 /MF 

FS0 2 CF 2 CF 2 COF 

Ut20] 

[0020] 

<3> AS0 2 M + CF 2 CF 2 + D 2 CO 

4 

AS0 2 CF 2 CF 2 COD 
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HS0 3 CF 2 CF 2 C0 2 H 

4 SF 4 

FS0 2 CF 2 CF 2 COF 
(CiTAttOM. R. NR,4fcliNH, , RteCl ~C5 <D7/Mr/l>££ fc{4 
7Vtl&, mtWRbftl. DiiAny^ifcttOR) 



700^^^111 U.S. P. 4. 329,434 ICifiiiSixT 
v-^J: -5tc, fh77DDifi^yt ( 7) sCT*S*i 

mm Lxwtti c: t t^rflBT* & . 
Hi: 2 i ] 

CF 2 = CFO-(CF 2 ) 3 S0 2 R (7) 

(ddt, R(ifrieti3it) 

[00 2 1] 

<##^J1>U.S.P.4,329,435 OSEMfM 1 £f&> \ FS 
0 2 CF 2 CF 2 COF£-£j£U:„ iofc^tofc. U.S. 
P. 4, 329. 435 0HJtM2(ZflgVt. \dff7nn7ntl/ 
Vtt-VrA FfcgJEStfT. FS0 2 (C F 2 ) 3 OCF(C 
F 3 )COFSrftfc. SEt« U.S. P. 4,329, 435 <0HttW3 

-700^1-7^11*: FS0 2 (CF 2 ) 3 OC 
F=CF 2 £f#fc. 

[0022] <##CT 2 >mm 1 T£j8 L fc F S O 
2 (CF 2 ) 3 OCF = CF 2 £ N U.S. P.4, 329,435 W^ffi 

WMT ^--7 A V 'J »7 ACOI^ H y <7 X 

4 0" COMfcftTC, rh77anxf-u->-i:ftS^$ 
#4>ft£**&tt£, 93 10 0jum(7)!gtftK 

*U. 2'(meq/g|E^ffllil)OA'-7noX/W*yR 

[0023] 3 >##fllj 1 T1# fcflfc F S 0 

2 CF 2 CF 2 COF£, l-7 9 6 9<OHIt0<J 

U Uf"7Ah'x(h'J^f-;l/^y;l/)7$ FfcRjSS-tir 

[00243 <mtm i >4 orago 



<r>X9y-y*m^X. ^'Jfh77ODIfl/>£0y 

- H±tttffiLfca, loo- cTfla»Ltftt«^- h 

tf>iaK###j2 Tlt^fut A'- 7nnxw >«Ji£Jg 
ItT'HMt L*Cii$<&. 15 0' C, E7l50kg/c 
m* T'*-y V7VXLt&t. MBB^'Jf-H 77nni 

2u Jf$4 0 0S^ny^-^y^pxSr > ^'J-fH 
7 7 nnxf- Lfctt. 34 0* CT* 

fflwc. J»E. -fe;l4B«7 0* CT*-fe/H$tSa(«S:ff 
ofct^s 1. 0 A/cm! O^aSStfcVvC, 
-fe/WfcWjSEtiO. 7 IVXfoitz. 
[0025] <m>kM 2 >**£3#£1JI1S LT . 
W 2 J: *) 1 -f *>3»8*o»v^S£tt£fc. (-f y 
7*n t;pr;m -;H- *)ofi£»«Efc:#tt L fc . £ ft 

x , ^6«fij 1 1 Pisifc^f^L. mm/- b zmauz. 
zombis- bzm^x, maHikntHzimwk 

0 A/cm' <0*8S*«fct5Vvt % ■fe/l^WBi 
0. 6 5VT£>o£. 

[0026] <JtRW 1 >HHW 1 fcfcWC, A--7Q 
oX;P*yKMi: LT . 4 *>&m%MtfO . 9 1 (m 
eq/g I8lftttll&) "C\ |Wl7 5^mOt7^y 
KDuPont ^R) 5rfflV^. 9!ttK»7«ffff<0ftb 

fcm&mmizftf&zittimmzm^x . Hato**^ 

^flfiSrffo^ti-?), 1. 0 A/cm' o^^JKfc 
[0027] 

H£7)C F 2 comGW 3 fc v ^ ftfecom Z t h n- 7 n 

Koffljt^'2#{i^c F 2 ^•^•tl)^* , ). s h»«» 



4F071 AA27 AA30 AA64 AA75 AA78 
AE22 AH15 BC01 BC02 BC17 

4J002 BD151 BP031 BQOOl EV176 
EV236 GQOO GQ02 

5G301 CA30 CDOl 

5H026 AA06 BB04 CX05 EE19 



